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Background: Little is known about the interobserver variation between endo- 
scopists on descriptive morphologic features. 
Methods:This study describes the agreement among 10 endoscopists on their 
description of 12 morphologic features, using 10 photographs of gastric ulcers, 
and on their eventual interpretation. The endoscopists used a form with pre- 
defined options for description. 
Results: Kappa value was on average 0.36 for descriptive features and 0.31 for 
interpretation. The proportion of endoscopists agreeing on descriptive fea- 
tures was on average 84%, and 81% on interpretations. The chance of an en- 
doscopist describing all 12 morphologic features of an ulcer on a photograph 
exactly the same as a colleague ranged from 4% to 46% (average 15%). A pos- 
itive correlation between agreement in description and interpretation (0.75, 
p < 0.05) was found. 
Conclusions: These results indicate a poor agreement between endoscopists 
in their translation of visual observations into descriptive terms. The positive 
correlation between agreement in description and interpretation suggests dis- 
agreement in description as an important cause for disagreement in interpre- 
tation. We believe that the use of more explicit descriptive terms will improve 
agreement in description and in subsequent interpretation. (Gastrointest En- 
dosc 1995;42:555-9.) 
Reporting plays an essential role in endoscopy. En- 
doscopy reports convey the findings of an endoscopic 
examination to the physician who requested it and 
serve as reference material for future examinations. 
The importance of reports is underlined by the devel- 
opment of guidelines for the contents 1,2 and the 
development of a standardized terminology. 3 
Describing the same topics and using the same ter- 
minology, however, is no guarantee that endoscopists 
will describe identical findings in a similar way. Pre- 
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vious research has shown that endoscopic findings 
lack accuracy (e.g., size estimates uffer from an un- 
derestimation ofup to 30% 4, 5 and that essential parts 
of endoscopy reports such as diagnoses and interpre- 
tations suffer from interobserver variation. 6-s Inter- 
observer variation is not unique to endoscopy. It is also 
reported in other clinical disciplines 9-1° and histologic 
reporting. 11 Most endoscopists will agree that an en- 
doscopic diagnosis uch as "malignant gastric ulcer" is 
unreliable because of a lack of accuracy (subsequent 
histologic diagnosis may prove otherwise) 12 and re- 
producibility (another endoscopist may classify the 
same lesion as benign). 
In contrast, little is known about the reliability of 
descriptive statements uch as "the ulcer has an 
irregular border." Insight into such reliability is im- 
portant because it provides information on (1) the 
probability that two endoscopists describe morpho- 
logic descriptive features the same way, and (2) the a 
priori predictive value of a feature for the diagnosis of 
a lesion (e.g., when a sharply demarcated ulcer edge 
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Figure 1. Example of one of the photographs used. 
is present in 11 of 20 benign ulcers and in 2 of 20 ma- 
lignant ulcers,13 accurate assessment of the predictive 
value of such statements i  not possible when the re- 
liability of a description of the ulcer demarcation is not 
known). 
Determining the reliability of descriptive features 
in respect to the truth is difficult, because defining the 
gold standard is virtually impossible. Microscopy, for 
example, cannot state with more certainty whether 
the base of an ulcer is regular or irregular. Another 
measure of reliability, however, is the agreement be- 
tween endoscopists on descriptive statements. In this 
study, we assessed the interobserver variation be- 
tween endoscopists regarding descriptive morphologic 
features and interpretation of what is considered a 
difficult endoscopic diagnosis: gastric ulcer. 
MATERIALS AND METHODS 
Photographs, endoscopists, and evaluation form 
From our Gastroenterology Unit, we retrospectively ob- 
tained the 10 most recent slides of gastric ulcers that were 
of reasonable technical quality (i.e., sharpness, contrast). 
We made paper-prints (photographs) of these slides. An ex- 
ample of one of the photographs u ed in this study is shown 
in Figure 1. Ten experienced endoscopists were asked to 
participate, and all agreed. Two endoscopists work in our 
university hospital, the remaining eight practice in hospi- 
tals affiliated with the university. 
We asked the endoscopists to evaluate the 10 photographs 
using a specially designed evaluation form. The form offered 
predefmed options to describe 12 main morphologic features 
of a gastric ulcer. To give an example: the feature shape 
could be described by the options circular, oval, linear, ser- 
piginous, and irregular. The endoscopists were allowed to 
select more than one option per feature. For each photo- 
graph and for each feature, the endoscopist had the option 
to indicate that a reliable description of that particular fea- 
ture was not possible. When an endoscopist indicated that 
bleeding stigmata were present, he could specify these by 
selecting one or more of the following: clot, visible vessel, or 
active bleeding. 
After describing an ulcer, the endoscopists were asked to 
give a diagnostic impression of that ulcer, using a 5-point 
scale ranging from possibly benign to possibly malignant. 
We will refer to this diagnostic impression as interpreta- 
tion. 
Data analysis 
To analyze agreement, we grouped the descriptions given 
by the endoscopists into three categories (Table 1). The first 
category comprises descriptions that can be regarded as be- 
ing contradictory tothose in the second category. The third 
category constitutes the answers in which the endoscopist 
indicated that no reliable description for that feature could 
be given. When an endoscopist had described a feature us- 
ing options in both category I and II, the description was as- 
signed to the category II. 
Agreement can be expressed inseveral ways. In our study 
we used the following: kappa, proportion of agreeing endo- 
scopists, and the chance that individual endoscopists pro- 
duce the same description of a photograph (chance of same 
description). 
Kappa. For agreement between two endoscopists on the 
three categories of an ulcer feature, Cohen's kappa 14-16 can 
be calculated by the formula: 
Po - Pe 
K = ~  
where Po is the observed agreement and Pe is the agreement 
expected by chance. (The calculation of Po and Pe is 
described in the appendix). The overall kappa value for all 
endoscopists may be calculated by averaging all pairwise 
calculated kappas. When Pe equals one, kappa cannot be 
calculated. Kappa can range from -1 to 1, and is constructed 
to be zero when the obtained agreement can be entirely at- 
tributed to chance. The interpretation of kappa values is 
somewhat subjective, but kappa values above 0.75 are con- 
sidered to represent excellent agreement, and values below 
0.40 poor agreement. 17 Although kappa is a generally 
accepted measure, a difficulty in the interpretation s that 
kappa is also affected by the presence of bias between 
observers (e.g., when endoscopists a sign observations pre- 
dominantly to one category) and by the distribution of data 
across the categories, i  
Proportion of agreeing endoscopists. In most studies 
assessing interobserver agreement, only two or three ob- 
servers are involved. The 10 observers in our study permit 
us to express agreement also in the proportion of agreeing 
endoscopists (PAE). As PAE signifies the chance that an en- 
doscopist would describe a feature the same as a colleague, 
it is a more intuitive and illustrative measure of agreement 
than kappa. When the answers are dichotomized in contra- 
dictory statements, then the proportion of endoscopists 
agreeing on that topic is defined as: 
100x 
PAE = ~-~ 
where x endoscopists (the largest proportion) state option X, 
andy endoscopists state Y. PAE ranges from 50% (half of the 
endoscopists state X, the other half state Y) to 100% (all en- 
doscopists state X or Y). When, for example, PAE is 80%, 
then every fn~h endoscopist has stated the contrary of the 
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Table 1. 
The morphologic features of gastric ulcers, the options for description on 
the evaluation form, and the categories to which they were assigned 
Subject 
Options 
Category I Category II III 
Morphologic features 
Shape Circular, oval, linear 
Depth Superficial 
Base: regularity Regular 
Base: exudate Absent 
Border: elevation Flat 
Border: regularity Regular 
Border: undermining Absent 
Surrounding mucosa: color Normal 
Surrounding mucosa: swelling Absent 
Surrounding mucosa: nodules Absent 
Demarcation from surroundings Sharp 
Stigmata of bleeding Absent 
Diagnostic impression 
Interpretation (from possibly 1, 2 
benign to possibly malignant) 
Serpiginous, irregular Npd 
Medium deep, deep Npd 
Irregular Npd 
Present Npd 
Partially raised, completely Npd 
raised 
Irregular Npd 
Present Npd 
Red, pale Npd 
Present Npd 
Present Npd 
Vague Npd 
Present Npd 
4,5 3 
Npd, Not possible to give a reliable description. 
other four. Mean PAE for a feature was calculated by aver- 
aging the PAE of that  feature on every photograph. 
In this study, differences in the values of kappa and PAE 
originate from the fact that  (1) unlike PAE, the attr ibution 
of chance agreement is el iminated in the calculation of 
kappa, and (2) kappa also includes disagreement among en- 
doscopists on whether or not a reliable assessment could be 
given. 
Chance  of  same descr ip t ion  (CSD). When we assume 
that PAEs for the features of a given photograph are inde- 
pendent, then we can calculate the chance that, given a de- 
scription, a second endoscopist would give exactly the same 
description for that  photograph by the formula: 
N 
CSD= II PAEi 
i=1  
where N is the number of features, in our case 12. Note that 
the assumption of independence does not relate to inde- 
pendence of the appearance offeatures, but to independence 
of agreement. We think that  such an assumption is accept- 
able, although we acknowledge the fact that  some degree of 
correlation between the agreement on various features may 
exist. 
In addition, we calculated Spearman rank correlation 
coefficient o test whether agreement on interpretation 
(PAEinterpretation f photo x) correlates with agreement on de- 
scription (CSDphoto x). 
RESULTS 
Descriptive features. Kappa values for descrip- 
tive features ranged from 0.06 to 0.59, and averaged 
0.36 (Table 2). Highest kappa value was found for the 
feature describing whether or not the ulcer was 
superficial. Poor agreement among the endoscopists 
was found for the description of the shape (regular vs 
Table 2. 
Kappa value and proportion of agreeing 
endoscopists on descriptive gastric ulcer features 
and interpretation 
Feature Kappa 
PAE 
% Range 
Shape 0.38 86 60-100 
Depth 0.59 88 70-100 
Base: regularity 0.40 82 60-100 
Base: exudate * 99 90-100 
Border: elevation 0.33 78 60-100 
Border: regularity 0.41 81 55-100 
Border: undermining 0.46 91 60-100 
Surrounding mucosa: color 0.23 79 50-100 
Surrounding mucosa: swelling 0.06 69 50-87 
Surrounding mucosa: nodules 0.20 81 50-100 
Demarcation from surroundings 0.44 87 60-100 
Stigmata of bleeding 0.43 88 57-100 
Average 0.36 84 
Interpretation 0.31 81 55-100 
*Kappa could not be calculated (Pe = 1). 
irregular), elevation of the border, and all features 
concerning the surrounding mucosa. 
The proportion of agreeing endoscopists (PAE) on 
gastric ulcer features ranged from 69% to 99%, and 
was on average 84% (Table 2). For the features, pres- 
ence of exudate and undermining of the border, the 
PAE was larger than 90%. PAE was less than 80% for 
the features fiat or elevated border, normal or abnor- 
mal color of surrounding mucosa, and presence of 
swelling of surrounding mucosa. For the absence or 
presence of active bleeding, a clot and a visible vessel, 
PAEs respectively were 95%, 92%, and 79%. 
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Translation Cr#er& 
Image . . . . . . . . . . . . . .  -> Description . . . . . . . . . . . . . .  -> Interpretation 
1 ~ I  >[ Benign [ 
2 2 
4 4 " 
A B 
Figure 2. Two ways of coming to different interpretations. 
Endoscopists 1 and 2 give the same description of the lesion, 
but this description differs from the one given by endoscopists 
3 and 4 (A). Starting from the same description, endoscopist 1 
and 2 apply different criteria, and therefore arrive at a different 
interpretation (B). 
Interpretations. The average proportion of endos- 
copists agreeing on the interpretation ofa photograph 
of a gastric ulcer was 81%. Kappa value for the inter- 
pretation was also slightly below the average of 
descriptive features, namely 0.31. 
Chance of same description (CSD). The chance 
of an endoscopist describing all 12 morphological fea- 
tures of an ulcer on a photograph exactly the same as 
a colleague (CSD) ranged from 4% to 46% (average 
15%). 
Correlation between description and inter- 
pretation. Spearman correlation between CSD of a 
photograph and the average PAE on the interpreta- 
tion was 0.75 (p < 0.05). 
DISCUSSION 
This study describes the agreement among 10 
endoscopists on their description of 12 morphologic 
features using photographs of gastric ulcers and on 
their eventual interpretation. The average kappa 
value for interpretation of gastric ulcers (0.31) indi- 
cates poor agreement between endoscopists, and re- 
flects that interpretation is a complex process. Other 
studies 6-s have already shown an average to low 
agreement on endoscopic diagnoses, but do not permit 
any conclusion on the nature of the low agreement. 
Two hypotheses may account for the lack of agreement 
on interpretations. First, endoscopists may differ in 
their criteria about what constitutes a malignant or 
benign ulcer (Fig. 2B). Second, they agree in their cri- 
teria, but fail to translate their visual observation i  
equal descriptive terms (Fig. 2A). If this second 
hypothesis dominates, endoscopists produce different 
descriptions on the basis of a given image of a lesion, 
but would arrive at the same interpretation n the 
basis of a given description of a lesion. 
The correlation we found between agreement on 
description and agreement on interpretation (0.75, 
p < 0.05) supports the second hypothesis. This corre- 
lation indicates that where endoscopists give the same 
description, they also tend to arrive at the same inter- 
pretation; while giving different descriptions, their in- 
terpretations also differ. Disagreement in description 
thus accounts for low agreement on interpretation. 
Disagreement in description may play an important 
role in daily practice: it is comparably low to agree- 
ment on interpretation (0.36 vs 0.31). The proportion 
of endoscopists agreeing on a descriptive feature was 
on average 84%, which signifies that if20 endoscopists 
were to assess a single feature, then 17 would state 
regular and 3 irregular, or vice versa. On the assump- 
tion of independence of agreement on features, the 
chance that two endoscopists describe all 12 features 
in the same way (CSD) becomes very small, 15%. 
These are important observations, as it also calls for 
caution in the interpretation ofrelations between de- 
scriptive endoscopic features and other observations, 
e.g., histological diagnoses. It is not inconceivable that 
the poor correlation between, for example, an irregu- 
lar base and a (histologically) malignant ulcer is 
largely due to endoscopists failing to agree what con- 
stitutes an irregular base. In general, clinical studies 
relying on descriptive morphologic features in endos- 
copy (such as comparing effects of medications) pay 
little or no attention to the potential interobserver 
variation at the observational level. 
How well do the discussed measures of agree- 
ment reflect reality? As compared with clinical 
practice, factors that mayhave caused underestima- 
tion and overestimation f kappa, PAE, and CSD need 
to be considered. 
Underestimation of agreement. Because photo- 
graphing gastric ulcers is not a standard procedure, 
photographs of interesting or difficult ulcers may be 
overrepresented in this study. Furthermore, the en- 
doscopists made their descriptions from two-dimen- 
sional photographs and did not actually perform 
endoscopies themselves, depriving them from looking 
at the ulcers from different angles (pseudo three- 
dimensional view). However, the endoscopists had the 
option to indicate that no reliable description of a fea- 
ture could be given; an option that was not used very 
often. In addition, our data do not indicate that this 
limitation played an important role, as agreement on 
two-dimensional features did not differ much from 
agreement on three-dimensional features. In fact, it 
was surprising that the highest kappa value was ob- 
tained for the assessment of depth. 
Overestimation of agreement. Agreement in real 
practice may even be lower than the agreement we 
found, as in our study the endoscopists were con- 
fronted with the fact of a present ulcer, and kappa for 
the identification of the presence of an ulcer has been 
reported to be only 0.7. 7 Furthermore, as we catego- 
rized the descriptions given, endoscopists may also 
disagree within the same category. For example, the 
category abnormal color of the surrounding mucosa 
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included the options red and pale. Disagreement 
within this category abnormal color was still 10%. 
What could be done to improve agreement be- 
tween endoscopists on descriptive features? One 
could start with making the meaning of terms explicit. 
Although a statement such as irregular border may 
seem unambiguous, we found it could have two mean- 
ings, namely the elevation is irregular in height, or the 
elevation is irregular in width. Thus, the same as- 
sessment is given in differing situations. Making the 
meaning of descriptive terms explicit is important, but 
does not necessarily require a pure linguistic ap- 
proach. When endoscopists describe features, it is 
likely that they use conceptual reference images; they 
compare what they see with an image in their mem- 
ory. Providing the endoscopists with equal descrip- 
tions of reference images may therefore already im- 
prove agreement in description. Although this option 
may be realizable in an educational setting, it seems 
impractical in the daily clinical setting unless we 
make use of computer tools. In the future, we may en- 
vision an endoscopic reporting program in which, on 
selecting a term, the user is provided with images in 
which that term is visually represented. 
We believe that reducing disagreement in endo- 
scopic descriptions will increase the value of endos- 
copy reports in practice and research. Meanwhile, it 
seems important that clinical studies should strive to 
formulate descriptive features as explicitly as possible 
and should state the number of endoscopists that 
have participated in the study. For clinical practice, 
we believe that adding a photograph of the observed 
lesion to the report will help to ensure that the cor- 
rect message is conveyed to the referring physician 
and to the endoscopist performing follow-up examina- 
tions. 
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APPENDIX 
Suppose two raters classify N subjects as belonging to 
one of three categories. The result can be arranged in 
a 3 x 3 table as follows: 
Observer 1 
I II III Total 
I a b c Jl 
Observer 2 II d e f J2 
III g h i J3 
Total kl k2 k3 N 
where d is the number of subjects assigned to category 
I by observer 1, and to category II by observer 2. The 
proportion of observed agreement is Po = (a + e + i)/N. 
Agreement expected by chance is Pe = (jlkl +j2k2 + 
j3k3)/N 2. 
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